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Understanding of the electrocardiographic (ECG) manifes-
tations of coronary artery disease evolved gradually during
most of the 70 years after Pardee's observation (1) in 1920
that the appearance of a Q wave followed by ST segment
elevation rising to a tall T wave was an "electrocardiograph-
ic sign of coronary artery obstruction.. , Most of the progress
came in the past 2 decades and was made possible by the
introduction of coronary arteriography and effective meth-
ods of revascularization. The report of Shawl et al. (2) in the
August issue of the Journal came close to closing the loop of
understanding and presented dramatic evidence that the
onset of persistent chest pain with ECG abnormalities sig-
nals a high risk situation that can be reversed by the use of
transluminal percutaneous coronary angioplasty.
Q wave (transmural) versus non-Q wave (nontransmural)
infarction, The early years were spent unraveling the rela-
tion between angina pectoris, known since Heberden's de-
scription (3) in 1772. and coronary thrombosis. described by
Herrick (4) in 1912. Clinicians faced with patients who had
persistent chest pain and varying abnormalities of the ST and
T segments soon realized that angina and coronary throm-
bosis were not the only expressions of coronary artery
disease. Case reports of autopsy-proved myocardial infarc-
tion without classic Q waves and ST segment elevations
appeared in the 1940s and the term "subendocardial infarc-
tion" was introduced in the belief that necrosis limited to the
inner layers of the myocardium would not produce Q waves
(5). Since actual infarction could be diagnosed only by
pathologic examination, diagnosis of non-Q wave infarction
remained an imprecise matter until LaDue et al. (6). in 1954,
reported that myocardial necrosis led to the release of the
enzyme glutamic oxaloacetic transaminase into the circula-
tion. Clinicians could now diagnose both Q wave and non-Q
wave infarctions in patients with persistent anginal chest
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pain and significant enzyme elevations. Like most discover-
ies, however, this one produced a new diagnostic dilemma
since some patients with an ECG consistent with suben-
docardial infarction had normal enzyme concentrations. Did
these patients have angina or coronary thrombosis?
The idea that "T wave coronaries" were "mild" was
challenged by the outcome studies of Scheinman and Abbott
(7). These investigators studied a large number of patients
with "probable" or "definite" acute myocardial infarction.
Surprisingly. mortality rates were 38% in patients with
increased enzyme concentrations and "nondiagnostic"
ECGs. 37% in those with nontransmural infarction and only
19% in those with classic transmural infarction. Similar
mortality rates were observed by Lown et al. (8) in patients
with ST segment abnormalities suggesting subendocardial
infarction. Rigo et al. (9) found that serum creatine kinase
(CK) concentrations were significantly higher in transmural
infarcts compared with nontransmural infarcts but that sim-
ilar levels of ventricular dysfunction were found in each
type. The authors suggested that an unrecognized previous
infarct or a nondiagnosable new transmural infarct ac-
counted for the evidence of ventricular dysfunction in the
patients with a new nontransmural infarct. Thus. the prog-
nosis of the presumed mild coronary attack might actually be
worse than that of the classic coronary attack.
Role of coronary thrombosis. Fifty years after Pardee's
identification (I) of ST segment elevation and Q wave
development as evidence of coronary thrombosis, the newly
developed technique of coronary arteriography was applied
to the analysis of the anatomic determinants of ECG abnor-
malities. Madigan et al. (10) were one of the first groups to
exploit this new technique in the study of acute ischemic
heart disease. They performed coronary arteriography in 50
patients with nontransmural myocardial infarction. All of the
patients had >75% narrowing in at least one coronary artery.
28% had triple and 32% had double vessel disease. These
findings were similar to those found in patients with stable
angina. leading the authors to emphasize that the syndromes
of angina. unstable angina and myocardial infarction repre-
sented a "continuing spectrum of increasing ischemia with
the boundaries being difficult to define." It became clear that
the intermediate syndromes, once termed coronary insuffi-
ciency and now labeled unstable angina or impending myo-
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cardial infarction, represented severe myocardial ischemia
and could lead to either sudden cardiovascular death or
transmural infarction.
DeWood et al. (II) began performing coronary arteriog-
raphy in patients with acute transmural myocardial infarc-
tion in 1971. They found that 87% of patients studied within
4 h of the onset of symptoms had total occlusion of a
coronary artery. The occlusion rate dropped to 65% in
patients studied 12 to 24 h after the onset of symptoms. A
thrombus was confirmed as the cause of total occlusion in 52
of 59 patients with angiographic evidence of thrombosis who
underwent emergency surgical revascularization. These pi-
oneer studies contradicted postmortem studies (12) that
concluded that coronary thrombi were the "consequences
rather than the causes of acute myocardial infarction."
Arteriographic studies performed by Falk (13) in unstable
angina revealed the importance of thrombus development to
the pathogenesis of that condition. It became clear that
DeWood et al. (II) were correct in suggesting that "coro-
nary lesions undergo considerable changes in the initial 24
hours after the onset of symptoms."
Acharacteristic ECG pattern with abnormal ST segments
and inverted T waves was identified by de Zwaan et al. (14)
in 26 patients with what was termed impending myocardial
infarction. All 18 patients who underwent coronary bypass
surgery became pain free and had no ECG evidence of new
necrosis. Twelve of the 16 patients who were not studied
angiographically developed a large anterior myocardial in-
farction in the early weeks after hospital admission. suggest-
ing that these ECG findings in patients with chest pain
predicted a high risk for the development of transmural
infarction. The serious implication of inverted T waves was
confirmed by Sclarovsky et al. (15). who studied a group of
patients with persistent chest pain and ST segment depres-
sion. More than one third of these patients developed acute
myocardial infarction but the mortality rate was significantly
higher in those with T wave inversion compared with those
with upright T waves. Critical stenosis of the left anterior
descending artery was common in patients with negative T
waves but was not present in those with positive T waves.
Acute myocardial infarction or death occurred in 31 % of
patients with chest pain and negative T waves followed up
by Granborg et al. (16) for >2 years.
The study of Shawl et al. Shawl et al. (2) have demon-
strated the importance of abnormal T waves in staging the
severity of coronary artery disease by showing that the
opening of critically stenotic vascular segments can reverse
the ECG changes produced by coronary artery obstruction.
Most patients with unstable angina and T wave inversions
were found to have >90% obstruction of the left anterior
descending coronary artery. Within 48 h of angioplasty.
successful in 70 of76 patients. the mean corrected QT (QTe )
interval became normal. The inverted T waves resolved
much more slowly; 36% became normal by 10 weeks and
90% were normal at 28 weeks. Some of the patients had mild
elevations of serum CK before angioplasty and could have
been considered to have subendocardial infarction. T waves
returned to normal as rapidly in these patients as in those
with normal CK concentrations.
Clinical implications. The onset of persistent anginal
chest pain associated with ST segment abnormalities signals
the onset of dynamic remodeling within the coronary vascu-
lar bed as plaque ulceration. thrombus formation, peripheral
embolization and vascular spasm produce shifting levels of
total or partial vascular obstruction. DeWood et al. (II)
showed that the fate of nonperfused segments depends on
whether or not occluding thrombi undergo natural thrombol-
ysis or maintain their obstructing positions. Lack of luminal
stability produces the treacherous clinical syndrome of un-
stable angina; the syndrome may resolve. may proceed to
transmural or nontransmural infarction or lead to sudden
death. The absence of classic evidence of transmural infarc-
tion should not mislead the physician into believing that
serious abnormalities in coronary anatomy are absent: any
abnormalities in the ECG may indicate important shifts in
coronary perfusion and. indeed. ECG changes suggesting
ischemia can occur without chest pain. Shawl et al. (2) have
also confirmed the observations of de Zwaan et al. (14) that
angioplasty can be safely performed in patients with an
unstable coronary vascular bed who are at high risk for
either infarction or death. These patients. and probably most
others admitted to a coronary care unit with chest pain,
should have thrombolytic therapy where indicated and cor-
onary arteriography early in their hospitalization. Revascu-
larization can then be considered on an emergency or
elective basis depending on the clinical setting.
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